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Absorption of electromagnetic
waves, 436
Absorption spectra, 406
Acceleration
centripetal, 78-80
dynamics, 17-18SP
force, 7, 56
gravity, 19, 33, 34-35inv,
36-38inv, 220, 275
horizontal motion, 40-41SP
mass, 7
projectile, 58
tension in a cable, 31-32SP
Acceleration due to gravity, 220
Action at a distance, 285
Action-reaction forces, 9, 105
Adams, John Couch, 122
Affleck, Dr. Ian Keith, 222
Affleck-Dine Baryogenesis, 222
Air friction, 43, 58
Air resistance, 43
Alouette I, 44
Alpha decay, 557
Alpha particles, 556
Alpha rays, 520
Altitude of geostationary orbits,
117-119SP
Ampere, André-Marie, 424
Amplitude modulated radio, 439
Anderson, C.D., 577
Angular momentum, 160
Angular momentum quantum
number, 533
Anik I, 44
Antenna cable, 344-345
Antimatter, 222
Antineutrino, 259, 577
Apollo 13, 114
Apparent weight, 27, 28-29SP, 30
free fall, 42
Astronomical unit, 101
Atomic mass number, 547
Atomic mass unit, 551
Atomic number, 547
Atomic theory, 519, 520
Atoms, 496
energy levels, 527
ground state, 536
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lasers, 538
quantum mechanical, 529
Atwood’s machine, 34-35inv,
36-38SP, 193
Atwood, George, 33, 34
Auto safety and impulse,
145-147
Average force, 142, 143
tennis ball, on a, 143-144SP
Axes in Cartesian coordinate
system, 11

Ballista, 126-127

Balmer series, 524, 525
energy levels, 528
principal quantum number,
527, 528

Balmer, Johann Jakob, 524

Bartholinus, Erasmus, 431

Baryon, 580

Becquerel, Henri, 463, 556, 557

Bell, Jocelyn, 177

Bernoulli, Daniel, 277

Beta decay, 558-560

Beta particle, 556

Beta rays, 520

Betatron, 363

Bevatron, 364

Big Bang, 222

Billiard ball model, 519

Binding energy, 232, 241
determining, 242-246SP
nucleus, 551-552SP

Black holes, 271, 292

Blackbody, 498
frequency of radiation, 501
intensity of radiation, 501
Planck’s constant, 502

Blackbody radiation, 498-501
electromagnetic energy, 500
emission spectrum, 500-501
graphs of, 499, 500
power, 499, 500
temperature, 499

Bohr radius, 526

Bohr, Niels Henrik David, 523,
530, 546

Boltzmann, Ludwig, 500

Boot, Henry, 443

Bragg, Sir Lawrence, 516
Brahe, Tycho, 102, 103, 105
Bunsen, Robert, 498

Calorimeter thermometer, 193
Careers
astronomer, 177
cloud physicist, 308
mechanical engineer, 87
radar scientist, 308
Cartesian coordinate system, 11
axes, 11
origin, 11
vectors, 80
Catapult machine, 126-127
Cathode ray tubes, 17
Cathode rays, 519, 523
Cavendish, Henry, 112, 273, 277
Celestial spheres, 104
Centrifugal force, 86
Centripetal acceleration, 78-80,
275
uniform circular motion, 88
Centripetal force, 81, 82, 274
banked curves, 91-92,
93-94SP
centrifugal force, 86
free-body diagrams, 84-86SP
friction, 83SP
geostationary orbits, 118SP
gravity, 84-86SP, 111
horizontal plane, 82-83SP
uniform circular motion, 88
vertical plane, 82-83SP
CERN, 364, 370
Chadwick, James, 546
Chan, Matthew, 87
Chandra X-ray Observatory, 177
Chapman, John Herbert, 44
Charge arrays, 325QL
electric field lines, 325QL
equipotential lines, 325QL
Charge density, 328
Chemical symbol, 547
Cherenkov radiation, 483
Chisov, LM., 43



Circular motion
planetary motion, 115-122
satellite motion, 115-122
verifying the equation,
89-90inv
Circular orbit, 236
Citizens’ band radio, 439
Clarke orbits, 117
Clarke, Arthur C., 117
Closed system, 150
Cloud chamber, 577, 578inv
Coaxial cable, 344-345
Cockecroft, J.D., 361
Cockcroft-Walton proton
accelerator, 361
Coefficient of kinetic friction, 19,
20-21SP
inclined plane, 49QL,
50-51SP
Coefficient of static friction, 19,
22QL
inclined plane, 49QL
Coherent, 391
Coherent radiation, 414
Collisions
analyzing, 163
boxcars, between, 151-152SP
classifying, 167-168SP
completely inelastic, 168
elastic, 163, 168
energy conservation,
172-173SP
examining, 164-166inv
friction, 173-175SP
horizontal elastic, 213-214SP
inelastic, 163, 171
kinetic energy, 163,
164-166inv
mass, 170
one dimension, 151
two dimensions, 155
vertical elastic, 215-216SP
Combustion chamber, 252
Compton effect, 510
Compton, Arthur, 510
Conductors, 341
magnetic field, 353
Conservation of angular
momentum, 160, 162
Conservation of energy
ski slope, on, 194-196SP
test of, 197inv, 211inv
work-energy theorem,
192-194

Conservation of mass,
490-491SP
Conservation of mechanical
energy, 194
Conservation of momentum, 148,
149, 150-162
automobiles, of, 158-159SP
golf ball, of a, 156SP
tennis ball, of a, 156SP
two dimensions, 156-159SP
Conservative force, 217
Constructive interference, 387,
395
thin films, 407
waves, 391
Coordinate system, 11
Cartesian, 11
incline, along a, 46
Copernicus, Nicholas, 102, 380
Corpuscular model of light, 382
Cosmic rays, 446
Coulomb constant, 278, 428, 471
Coulomb repulsive force, 546
Coulomb’s law, 273, 278, 327,
428
applying, 279-280SP
graphical analysis, 280QL
multiple charges, 281-282SP
Coulomb, Charles Augustin, 273,
277
Counterweight, 33
Crab Nebula, 177
Cross-product, 349
Crumple zones, 145
designing, 146QL
Curie, Marie, 557
Curie, Pierre, 557
Cyclotron, 362

Dalton, John, 519
Daughter nucleus, 557
Davisson, Clinton J., 516
de Broglie wavelength, 513, 514
de Broglie, Louis, 513, 530
Decay series, 561
Deep Space 1, 255
Destructive interference, 387,
530
single-slit diffraction,
401-402SP
thin films, 407, 408
waves, 391
Deuterium, 550
Diamagnetic, 347

Diffraction, 384
Fraunhofer, 398
Fresnel, 398
fringe, 399
light, 384
single-slit, 398
sound, 390inv
waves, 389
Diffraction grating, 403, 405
bright fringes, 404
Diffraction patterns of X-rays,
516
Digital videodiscs (DVDs),
408-409
Dilated time, 476
Dine, Michael, 222
Dione, 125
Dirac, Paul Adrien Maurice, 531
Dispersion, 383
light, 383, 386
Doppler capability, 308
Doppler effect, 308
Dot product, 185
Double-slit experiment, 392,
397inv, 498
Dynamics, 15
acceleration, 17-18SP
gravity, 17-18SP
kinematics, 16—18
velocity, 17-18SP
Dynamics of motion, 4

Earth, 236, 380
orbital period, 101
orbital radius, 101
Effluvium, 286
Einstein, Albert, 12, 114, 292,
464, 471, 472, 488, 502, 505,
506, 518, 538
Elastic, 163, 168
Elastic potential energy, 201,
205, 206, 213-214SP
spring, of a, 207-208SP
Electric energy, 272
Electric field, 271, 286, 323ML,
341
application, 348
charged parallel plates,
327-328
magnetic field, 355-357
potential differences, 330-331
properties, near a conductor,
324-326
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Electric field intensity, 286, 287
calculating, 287-288
charged sphere, 294SP
multiple charges, 295-297SP
parallel plates, 328-329SP
point source, 293-294
potential difference,
332-333SP

Electric field lines, 300, 301
charge arrays, 325QL

Electric force, nature of, 281

Electric permittivity, 428, 471

Electric potential difference, 309
calculations involving,
310-314SP
point charge, 309

Electric potential energy, 305,
306
between charges, 306-307SP

Electromagnetic energy and
blackbody radiation, 500

Electromagnetic fields,
generating, 465QL

Electromagnetic force, 277, 582

Electromagnetic radiation, 420
particle nature of, 502
speed of, 429
wave theory, 454

Electromagnetic spectrum, 438

Electromagnetic waves, 425
absorption, 436
experimental evidence, 427
nature of, 422
polarization, 431
producing, 429QL
properties of, 421ML
reflection, 436
speed of, 427, 430SP
wave equation, 448

Electron gun, 356

Electron microscopes, 496, 517

Electron neutrino, 580

Electron volts, 361, 508
joules, 508

Electron-neutrino, 554-555

Electrons, 334, 519, 576, 580
atomic number, 547
discovery of, 503
energy, 524-525
energy levels, 527
jumping orbits, 524-525
law of conservation of
momentum, 510
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magnitude of charge on,
506-507
measuring mass to charge
ratio, 584-585inv
orbitals, 532-534
orbits, 524
relativistic mass, 487-488SP
Electroscope
discharging, 297inv
grounding, 497inv
Electrostatic force, 277
nature of, 276inv
Elementary particles, 576
Ellipse, 103-105
Emission spectrum, 405,
523-524, 529
blackbody radiation, 500-501
identifying elements, 537inv
Empirical equations, 101QL, 501
Encke, 133
Energy, 184
binding, 232
electrons, 524-525
escape, 232
lift-off, 230
mass, 486—492
matter, 511
momentum, 134-135
nuclear reactions, 568-569SP
orbiting satellites, 236
photons, 524-525
transformation of, 184
Energy conservation of collision,
172-173SP
Energy conversions and roller
coaster, 219-220SP
ENIAC, 58
Equipotential lines in charge
arrays, 325QL
Equipotential surface, 316
Escape energy, 232
determining, 233-234SP
Escape speed, 232, 233
determining, 233-234SP
Escape velocity, 232
Eta, 580
Ether, 384
Exchange particle, 581
Exponential relationship, 101
External force, 150
Extremely low-frequency
communication, 438

Faraday cage, 343, 344QL
Faraday shielding, 345
Faraday’s Ice-Pail Experiment,
342-343
Faraday, Michael, 285, 300,
342-343, 422, 423
Fermi, Enrico, 554-555
Fermilab, 364, 370
Fictitious forces, 13
Field structure, 324
Fields, 285, 341
describing, 285
intensity, 286
inverse square law, 285
potential energy, 304
Flux lines, 302
FM radio transmitter, 454
Force
acceleration, 7, 56
action-reaction, 9
apparent weight, 28-29SP
centripetal, 81, 82
components of, 47-48SP
dynamics, 2-3
horizontal, 39
law of inertia, 57
magnitude, 30
mass, 7
net, determining, 18-20
Foucault, Jean, 428
Frames of reference, 4, 6, 11, 471
inertial, 12, 13
non-inertial, 12, 13
Fraunhofer diffraction, 398
Free fall, 42
air resistance, 43
apparent weight, 42
terminal velocity, 43
Free space, 428
Free-body diagrams, 18
applying, 23-25SP
centripetal force, 84-86SP
friction, 39
inclined plane, 47-48SP
Frequency and kinetic energy,
506
Frequency modulated radio, 441
Fresnel diffraction, 398
Friction, 18, 20-21SP
banked curves, 91-92
centripetal force, 83SP
coefficient of kinetic, 19
coefficient of static, 19



collisions, 173-175SP

free-body diagrams, 39

horizontal force, 39

non-conservative force, 218
Fringe, 394

bright, 404

diffraction, 399

first-order, 403

higher-order, 400

Galilei, Galileo, 6, 102

Galle, J.G., 122

Gamma, 481

Gamma decay, 560

Gamma radiation, penetrating
ability, 545ML

Gamma rays, 446, 447, 556

Gauss’s law for electric fields,
422

Gauss’s law for magnetic fields,
422

Gauss, Carl Friedrich, 422, 423

Geiger counter, 570-571

Geiger, Hans, 520

Gell-Mann, Murray, 579

General theory of relativity, 12,
485

Generator effect, 423

Geocentric, 102

Geostationary orbits, 117
altitude, 117-119SP
altitude and velocity,
117-119SP
centripetal force, 118SP
velocity, 117-119SP

Germer, Lester H., 516

Gilbert, Sir William, 286

Global Positioning System, 236,
443, 444

Gluon, 582

Governor General’s Medal, 222

Gradient, 331

Gravitational assist, 255

Gravitational field, 271

Gravitational field intensity, 289
calculating, 290SP
Earth, near, 299SP
point mass, 298

Gravitational field lines, 302

Gravitational force, 582
nature of, 281

Gravitational mass, 7

Gravitational potential energy,
33, 208, 238-242, 305
determining, 242-246SP
kinetic energy, 182
orbital energy, 237
roller coaster, 219-220SP
sea rescue, 191-192SP
work, 190-191

Gravitational slingshot, 255

Graviton, 582

Gravity, 18, 102, 274, 485, 577
acceleration, 19, 33, 34-35inv,
36-38inv, 220, 275
centripetal force, 84-86SP,
111
conservative force, 217
dynamics, 17-18SP
inclined plane, 47-48SP
Kepler’s laws, 108
Newton’s universal law of, 102
projectile, 59
tension in a cable, 31-32SP

Gravity wave detection, 292

Grimaldi, Francesco, 384

Ground state, 536

Gyroscope, 7

Hadron, 579, 580

Hale-Bopp, 133

Half-life, 545, 562
radioactive isotope, 572inv

Halley, Sir Edmund, 105

Hang time, 73

Heisenberg uncertainty principle,
222

Heliocentric, 102

Hermes, 44

Herschel, Sir William, 444

Hertz, Heinrich, 463, 502

Hillier, James, 517

Hohmann Transfer Orbit, 249

Hollow conductors, 342-343

Hooke’s Law, 201, 203, 205, 206
archery bow, 204-205SP
Newton’s Third Law, 203
restoring force, 203
spring constant, 203
spring, of a, 207-208SP
testing, 202inv

Hooke, Robert, 206, 384

Horizontal elastic collisions,
213-214SP

Horizontal motion of projectile,
59, 60-62SP

Humour, 286

Huygens’ principle, 385

Huygens, Christiaan, 384, 498

Hyakutake, 133

Hydrogen burning, 568

Iapetus, 125
Imax Corporation, 76-77
Impulse, 140, 141
auto safety, 145-147
golf ball, on a, 141-142SP
tennis ball, on a, 143-144SP
Impulse-momentum theorem,
142, 143, 149
Inclined plane
coefficient of kinetic friction,
49QL, 50-51SP
coefficients of static friction,
49QL
free-body diagrams, 47-48SP
kinematic equations, 47-48SP
Inelastic, 163, 168
Inertia, 6, 249
law of, 6
Inertial frame of reference, 12,
13,471
Inertial guidance system, 7
Inertial mass, 7
measuring, 8inv
Infrared radiation, 444
Interference, thin films, 406-408
Interference patterns, 392
Interferogram, 415
Interferometer, 466, 469, 470
Internal force, 150
International Space Station, 230,
236
International Thermonuclear
Experimental Reactor, 364
Inverse relationship, 101
Inverse square law, 274
field, 285
Ion engine, 135
Ionization, 445
Ionizing radiation, 558
Isolated system, 150, 193
Isotopes, 357, 549

Jeans, Sir James Hopwood, 500

Joe, Dr. Paul, 308
Joule, James Prescott, 221
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Joules and electron volts, 508
Jupiter, 236, 380
orbital period/radius, 101

Kaon particles, 477, 580
Kelvin, Lord, 422
Kenney-Wallace, Dr. Geraldine,
388
Kepler’s empirical equations,
101QL
Kepler’s laws, 103, 104-114
gravity, 108
Kepler’s Second Law, 162
Kepler, Johannes, 101, 103-114
Kinematic equations, 20-21SP
applying, 23-25SP
inclined plane, 47-48SP
parabolic trajectory, 65-67SP,
68-69SP
projectile, 60-62SP
Kinematics, 15
dynamics, 16-18
Kinetic energy, 489-490SP
classical, 492
collisions, 163, 164-166inv
determining, 242-246SP
direction of work, 185
frequency, 506
gravitational potential energy,
182
orbital energy, 237
photoelectric effect, 507
photoelectrons, 505
relativistic, 492
work, 187-188, 189-190SP
Kirchhoff, Gustav, 498, 499
Klystron tubes, 443
Kopff, 133

Lambda, 580
Laser, 388
Lasers, 496, 538
Law of action-reaction forces, 9
Law of conservation of energy,
135, 213
test of, 197inv, 211inv
Law of conservation of mass,
490-491SP
Law of conservation of
momentum, 135, 148—-162
electrons/photons, 510
Law of inertia, 6
force, 57
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Law of universal gravitation,
103-104, 105, 106—-114
planetary motion, 115-122
satellite motion, 115-122
weight of astronaut, 107SP

Lawrence, Ernest O., 362Le
Verrier, John Joseph, 122

Lenard, Phillip, 463, 503, 504

Length contraction, 477-478,
479, 480

Lepton, 577, 580

Levitation, 346-347

Lichten, Steve, 485

Lift-off energy, 230

Light, 380, 382, 396
See also Waves
corpuscular model of, 382
diffraction, 384
dispersion, 383, 386
particle nature of, 498
polarization, 433QL
polarizing, 421
properties of, 381inv
rectilinear propagation, 385
reflection, 385
refraction, 383, 385
speed of, 466, 471
theoretical speed of, 471
visible, 445
wave model of, 384
wave properties of, 381inv
wavelength of, 396

Light meters, 496, 508

LINAC, 363

Line spectrum, 405

Linear accelerator, 363

Logarithmic relationship, 101

Lorentz-Fitzgerald contraction,
470

Lowell, Percival, 122

Luminiferous ether, 463

Maglev trains, 346-347
Magnetic field, 271
application, 348
charged particle, 352
circular motion, 355
conductor, 353
direction, 349
electric field, 355-357
force on a moving charge,
350, 351SP
force on current-carrying
conductor, 354SP

measuring, 360inv
right-hand rule, 349, 353
Magnetic field intensity, 293
Magnetic field lines, 302
Magnetic flux, 302
Magnetic force, nature of, 281
Magnetic monopoles, 283, 293
Magnetic permeability, 428, 471
Magnetic quantum number, 534
Magnetic resonance imaging,
442-443
Mars, 248-249, 380
orbital period/radius, 101
Mass
acceleration, 7
collisions, 170
energy, 486—492
force, 7
gravitational, 7
inertial, 7
planets, 112
sun, 112, 113inv
weight of astronaut, 107SP
Mass defect, 550, 551, 559
Mass spectrometer, 356
motion of charge particles,
357-359SP
Matter, 222
energy, 511
waves, 513
Matter waves, 513
de Broglie wavelength, 513,
514
velocity, 514-515SP
Maximum height, symmetrical
trajectory, 72, 74SP
Maxwell’s equations, 422,
423-426, 498
Maxwell, James Clerk, 422, 471,
498
Mayer, Julius Robert, 221
Mechanical energy, 215, 221inv
Mercury, orbital period/radius,
101
Meson, 576, 580
Metastable state, 538
Michelson’s interferometer, 469
Michelson, Albert A., 428, 466
Michelson-Morley experiment,
466—469, 471
Microgravity, 120
simulating, 121
Microwaves, 443-444



Millikan’s Oil-Drop Experiment,
334-336, 337-338SP,
339-340inv

Millikan, Robert Andrews, 334,
506

Modulus of elasticity, 204

Momentum, 136, 138, 139, 150
energy, 134-135
hockey puck, of a, 139-140SP
photon, 512
rate of change of, 140

Morley, Edward Williams, 466

Motion, 4, 5ML
analyzing, 15-26
bending a wall, 10QL
connected objects, 36
dynamics, 2-3, 4, 15
horizontal, 59
incline, along a, 46
kinematics, 15
periodic, 208
planetary, 115-122
projectile, 58
rotational, 88
satellite, 115-122
two dimensions, in, 57ML
uniform, 6, 15, 16
uniform circular, 78-95
uniformly accelerated, 15, 16
vertical, 27-45

Mu meson, 480

Muon, 480, 577, 580

Muon neutrino, 580

Neddermayer, S.H., 577

Neptune, 122, 236

Neutral pion, 576

Neutrino, 259, 554-555, 576, 577
detecting, 555

Neutron, 546, 580

Neutron star, 177

Newton’s Cradle, 137inv

Newton’s First Law, 6, 249
relativity, 12

Newton’s law of universal
gravitation, 102—105, 106,
107-114

Newton’s laws, 222

Newton’s mountain, 116

Newton’s Second Law, 7, 138,
140, 249
apparent weight, 28-29SP
free-body diagrams, 18,
23-25SP

friction, 39
horizontal motion, 40-41SP
kinematic equations, 23-25SP
tension in a cable, 31-32SP
work, 187-188
Newton’s Third Law, 9, 148-162,
249, 251
apparent weight, 28-29SP
applying, 23-25SP
free-body diagrams, 23-25SP
Hooke’s law, 203
kinematic equations, 23-25SP
Newton, Sir Isaac, 6, 103—-114,
116, 136, 248-249, 274, 279,
382
Newtonian demonstrator, 137inv
Nobel Prize, 334, 361, 464, 504,
557, 583
Nodal point, 387
Non-conservative force, 218
Non-inertial frame of reference,
12, 13
Nova, 103
Nuclear binding energy, 550
Nuclear fission, 566
Nuclear fusion, 567-568
Nuclear fusion reactors, 364
Nuclear model, 521
Nuclear radiation, detecting,
570-571
Nuclear reactions, 565
energy, 568-569SP
Nucleon number, 547
Nucleons, 546
Nucleus, 521
binding energy, 551-552SP
daughter, 557
estimating size of, 522QL
parent, 557
stability of, 548
structure of, 546
Nuclides, 549

Oersted, Hans Christian, 424
Omega, 580
Open system, 150
Optical pumping, 538
Orbital energy
gravitational potential energy,
237
kinetic energy, 237
satellite, 237
Orbital period, 101

Orbital quantum number, 532,
533

Orbital radius, 101

Orbital speed of planets,
109-110inv

Orbitals, 532
electrons, 532-534

Orbits
perturbing, 121-122
satellite, 117

Origin in Cartesian coordinate
system, 11

Parabola, 63, 73-75SP
symmetrical, 73-75SP
trajectory, 64inv, 65-67SP

Parabolic trajectory
components of, 64inv
kinematic equation, 65-67SP,
68-69SP

Parallel plates
electric field intensity,
328-329SP
potential differences, 330-331

Parent nucleus, 557

Particle accelerators, 355, 361,
370, 544
cost benefit analysis, 370

Particle gun, 356

Particle nature of light, 498

Pauli exclusion principle, 534,
535

Pauli, Wolfgang, 534, 554—555,
559

Pendulum, 183ML

Perihelion, 109

Periodic motion, 183ML, 201,
208
analyzing, 209inv
restoring force, 208, 210

Perturbations, 122

Phagocytosis, 496

Phase differences, 415

Phase interferometry, 414

Photoelastic, 435

Photoelectric effect, 463, 464,
502, 503
early experiments, 503-504
kinetic energy, 507
magnitude of charge on
electron, 506-507
photons, 505
quantum, 505
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Photoelectrons, kinetic energy,
505
Photons, 505, 508, 538, 554—555,
580, 582
calculating momentum of,
512-513SP
energy, 524-525
law of conservation of
momentum, 510
momentum, 512
photoelectric effect, 505
Physics of a car crash, 161
Physics research, 370
Pilot waves, 530
Pion, 576, 577, 580
Planck’s constant, 222, 502, 506
Planck, Max, 501
Plane polarized, 432
Planetary motion
circular motion, 115-122
law of universal gravitation,
115-122
Planetoid, escape from, 229QL
Planets
mass, 112
orbital speed, 109-110inv
Plasma, 365
Plastic, 168
Plum pudding model, 520
Pluto, 122
Polarization, 434-435
calcite crystals, 431QL
electromagnetic waves, 431
light, 433QL
modelling, 433QL
Polarizing filters, 432
Positron, 259, 560, 576
Potential differences
electric field, 330-331
electric field intensity,
332-333SP
parallel plates, 330-331
Potential energy, 33
fields, 304
potential, 33
Potential gradient, 331
Prebus, Albert, 517
Priestly, Joseph, 277
Principal quantum number, 527
Balmer series, 527, 528
Principle of equivalence, 12
Project HARP, 241
Projectile, 58
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gravity, 59
horizontal motion, 59,
60-625P
kinematic equation, 60-62SP
maximum range, 70QL
parabola, 63
range, 58
trajectory, 58
Projectile motion, 58
components of, 64inv
Proper length, 479
Proper time, 475
Propulsion in space, 252-253
process of, 255-256
rockets, 253-254SP
Proton, 546, 580
Ptolemy, 102
Pulsars, 177

Quantity of motion, 136
Quantized, 501
Quantum, 501
photoelectric effect, 505
principal number, 527
Quantum mechanical atom, 529
Quantum mechanics, 496
Quantum numbers, 532, 533
magnetic, 534
spin, 534
Quantum pennies, 334QL
Quark, 583
properties, 581
Quarks, 579

Radar, 308
Radar satellites, 414—415
Radioactive emissions,
penetrating ability, 545ML
Radiation, detecting, 570-571
Radio telescopes, 379, 436
Radio waves, 427, 438, 449SP
Radioactive decay
half-life, 562, 564-565SP
rate of, 562-563
Radioactive isotopes, 556, 557
applications of, 573-574
half-life, 572inv
medicine, 573
smoke detectors, 574
tracers, 574
Radioactive materials, 556
Radioactivity, detecting, 570-571
Radioisotopes, 557, 565

Randall, John T., 443
Range, 58
symmetrical trajectory, 72,
74SP
Rayleigh criterion, 410
Rayleigh, Lord, 410, 500
Reaction engine, 251QL
Recoil, 153, 251
canoe, of a, 154-155SP
Rectilinear propagation of light,
385
Reflection
electromagnetic waves, 436
light, 385
Refraction of light, 383, 385
Relative time, 476-477SP
Relativistic lengths, 481-482SP
Relativistic mass, 486,
487-488SP
electron, 487-488SP
Relativistic speeds, 481
Relativity
general theory of, 12, 485
special theory of, 464,
471-483, 485
Resolving power, 409, 410,
411-412SP
Resonant-cavity magnetron, 443
Rest energy, 488
Rest mass, 486
Restoring force, 203
periodic motion, 208, 210
Retrograde rocket burner, 249
Rhea, 125
Right-hand rule for magnetic
field, 349, 353
Rontgen, Wilhelm Conrad, 463,
510, 556
Rotational motion, describing, 88
Rumford, Count, 221
Rutherford Medal, 222
Rutherford, Ernest, 361, 520,
521, 523, 546, 556
Rydberg constant, 524, 525
Rydberg, Johannes Robert, 524

Safi-Harb, Dr. Samar, 177
Satellite motion
circular motion, 115-122
law of universal gravitation,
115-122
orbiting, 236
orbits, 117



Saturn, 236
orbital period/radius, 101
Scanning electron microscope,
517
Schrodinger wave equation, 531,
532
Schrédinger, Erwin, 531
Search for Extra-Terrestrial
Intelligence, 379
Semiconductor electronics, 496
SETI, 379
Shielded twin lead, 344-345
Shoemaker-Levy 9, 250
Short-wave radio, 439
Sigma, 580
Simultaneity, 473
Single-slit diffraction, 398
destructive interference,
401-402SP
Single-slit experiment, 410
Single-slit interference, 400
Slinky, 183
Smoke detectors, 574
Sound, diffraction of, 390inv
Spacecraft, 236
Special theory of relativity, 464,
471-483, 485
dilated time, 476
length contraction, 477-480
proper length, 479
proper time, 475
rest time, 475
simultaneity, 473
time dilation, 474-476
Spectrometer, 406
Spectroscopes, 405, 406
Speed of light, 466
Spin quantum number, 534
Spring, 5ML
Spring constant, 203
Spring pendulum, 183ML
Standard model, 582
Stanford Linear Accelerator
Centre, 363
Stanford University, 583
Stefan, Josef, 500
Stoke’s law, 336
Stokes, Sir George Gabriel, 336
Stopping potential, 504
Strong nuclear force, 547-548,
577, 582
Strutt, John William, 410, 500
Sudbury Neutrino Observatory,
554-555

Sun, mass of, 112, 113inv
Superball Boost, 257inv
Superconductivity, 346-347
Supernovae, 103, 177
Superposition of waves, 386
Swift-Tuttle, 133
Swigert, Jack, 100
Symmetrical trajectory, 73-75SP
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